Studies of cGMP analog specificity and function of the two intrasubunit binding sites of cGMP-dependent protein kinase.
The specificity of the two intrasubunit cGMP binding sites of cGMP-dependent protein kinase was determined by measuring the ability of 46 cGMP analogs to compete with [3H]cGMP. Both sites of the enzyme exhibited high specificity for the ribose cyclic phosphate moiety, and lower specificity for the guanine moiety. Effects of modifications in the ribose cyclic phosphate moiety suggested that cGMP is bound at both sites by three hydrogen bonds at 2'-OH, 3'-O, and 5'-O. A negative charge in the cyclic phosphate is apparently required. Modifications of the pyrimidine part of guanine, particularly at C-1, generally caused selectivity for the rapidly exchanging site while modifications of the imidazole part of guanine at C-7 and C-8 caused selectivity for the slowly exchanging site. These increases in selectivity for a site were mainly due to losses in affinity of the other site. There was an apparent requirement of the intact amino group at C-2, particularly for the slowly exchanging site. Comparison of the molecular interactions of cAMP and cGMP with their specific protein kinases showed that both nucleotides are bound by similar forces in the 2', 3' and 5' region, both bases may be bound in syn conformation, but that each base moiety is bound by different molecular interaction, thus leading to the selectivity of the two enzymes. cGMP analogs which possessed strong selectivity for the rapidly exchanging site, but not those selective for the slowly exchanging site, stimulated the binding of [3H]cGMP. Only a few cGMP analogs were more potent than cGMP in stimulating protein kinase activity. The potency of cGMP analogs as stimulators of kinase activity correlated better with the mean binding affinity for both binding sites than with the affinity for either site alone. Two analogs added in combination were synergistic in kinase activation, particularly if one analog was selective for the slowly exchanging site and the other for the rapidly exchanging site. These observations are suggestive that cGMP binding at the rapidly exchanging site stimulates cGMP binding at the slowly exchanging site and that both sites are involved in the activation process.